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tODIKi; iSCHlMfc FUR \ VVIR14 FSS CX>MML'i\li. \1 IO\ 
SYSIEM 

s. 

\aiJOUstvpt.N o>r ^<>a* i ' ^ok* )^(■5^•>^■>u Ir v ^v^io^-s^- 

<i\xbd\mnel IS assoaated with & xespecWve fsukamej txpon whxdi daK^ ^^ 

2^ Pit.a the data lo be iraiismilted (j o., &e mtosmauci^ v>vts<^ ..n vncv?devi w la 
a. p^'ixmk^i codmg ^sdiem* to g^ner^te coded bstss, Foje a hi^h urder 
t-noHluL^tton sch«*m« {e,«; , QFbK QAM, aft%l 80 on), ik^ uxled biie- are group€»d 

K Hi ^. ^' 1 uk OiXCi 1 CUK (e 4 <t '* ^f-nM, t-^ ^ niv''' |> k h vt' In* <■ \ -^^^^ 

-f'U^o i I u Ik ^ < X V a u' siam i -i? Ml K ^ t<xi>u>^<.; J? 

hxv^ukt > ->,Y .X ^' j;» A&aiesttAlt UieRipj^urtedbst raUs bor 

^iioitHf i-odini^ Nthepu" cap>ii^k oJ oticodxng the supp^nled nUiSit'iij of 




mformai?oa b?l;«^/rnodu]afen> Uiboi io pwvtde t^e ^cquited coded bits* tor the 

AccoMmgly^ a high psrfarniaBC^^ o^uieiil, a^d *lcxibW corfmg; .sK-bmx-^ 
that tkviv he used to encode data £or ttatBsn^'.^in ub ■cft.dbpU* >iubchaiij-id«» with. 

mmrnrnM 

hi t<v^- ^ '0 , to- ^ . nvhl oth n-w di^ - 

ii-^ed to generate th** {*s?«^uirf>d oodfd bits (i , ti-u^ iiii£>rituitK''r., t^u, ai\d paxitf 
bsN d A T-uxbo cod*; is mt^d) hx a ijist cofeg/panciiinng ^cbtme, i p,irdc«lar 
15 b^Sii cude md a?t>.yxmr\ puncturing ti> t^Jr ab U'^anj^fti^^^s^iox^ rb mi^eik (e,g , 
<s'l n«*tponcv btibchaiTtnd^ ui oui Oi^DM t^ystm oi '^ufeck^nn^k of all 

trequmc}' brtbchasmcis m OFDM s^ybten wUh multiple ttipid/nm%>k 
fn^tpiit antiema& iMlMO), as dejsvTilx>d bdow) In >s >^mmd <5oding/pimctuim^ 
■-dv'iuK tho sonij buBt t'ode but ^anaHe pimcluimi; u^ed b>t Hie 
x>.>Ks i^.^sn^n 4.har.iels Iho variat>le piindirrmg can bK \Xh<^d pju'^ide 
dih-c^ent coding Tt^s. ^o-^ }h(» h u-^^n■^-^s^o:•< t^<3nnels, Tt>o 05.xkng i^lo lOt jaoJ\ 
^!<'r^''jv-..NKm > ^ s i> <5<. .vn^.ioi t oo f-'e ndormation hit rate and ihc 

-^-^Liv s5 'f vU>:;on^I ' oq <_ o t^^oo >,« > 'uci (.'"^t-i \'i ■■^ 

tsxxhdation -^su-^ho v h- <,v^ \daiu-. vn"-b 'i iv*. . ; ^i uoi\> 

\> d^amd detei«-uned ^e,^, ba!^c<{ ox\ the ilmmcV<i SNR) A moduiatton 
scheme is then sde^YUOt-d toi each transmi«<u>ft channel such that fe 
deknmned ntii>\ber of mformatlosi Mt^ per nxjdu'vitxm o>vn-ihol is* supptvrted 
l"^a^d im the ^^unporled rimt>.h<?£ i«Si>rm(itK>^ bit& p » .nod^lUaw^ x^vi^bol and 
Iho jdenti£si>d m<xfe!alJon scheme, *-he oodii>^ rate each tran6isiii>->KJTi 

JV'* cn-^nnel detoj ntrted iev^<?t trvo baxiSm&??{oii chnn.nol«J are a^socix-jted yith 
IJ >1 '-ii alo ' e4.sU!<>i-*oni4t«ent Uai«-^nxs<>^or | h>h{\^ 

I nunnx 5 ot uXouBatl^^lb^t■^s:*^e')COt^^i. > . o > 

p.x ucalai **uu»d'n;--; --jcht aiL k> pro\ 'd^* a >itm>hei ot * oded '■>^^6 it :^ i ut ix) t.<.!Jo 



if. used, a nnsttb&r of iaR ujkI par?lv hitji at<< p-nemted for iKe u\furmaHoj) bil-s 
(the coded bite indtsdc ihc jfth->riRaik<n bits rail biis^ ^-ui parUy M^i). The 
coded bite tnay Interlev^ved .m <?ccc-i dance vvitii a particular uitenleaving 
sdieme. For m« of lmpLeiTO,atati<m, Ihe interleavtag rmj be periormed prior 
S So pimtl^rm^. The <:oded bife <e,gv tiul and parity His, if Turbo code is 
iUO shop punciuicd In aeujrdasK^ with a particidar pinirfurltig sdu^m^ to 
psxn Kle a mm-xbi>T of t^npu^KHxred coded feite for fhe transmission chasmels. 
j i^c p\uKUuri«g \<i .5diiuUed to achieve diffemit codii'tg rates aasded by fee 
transTro^iiou duxnnels. As an dtemstive/ the pimcfcusring aiay also be 
10 per ir-rmed priisr io i- tU-'rieaving. 

coded bii-s and b m.-ipp-^d a rcspi^^cLve --x^-Lu ^uos, r-snr^^L Ir-e -pocU'k 

15 modulation schei'n*?. For a niulhpb-lnpiU muUr.^K- outpsu ^VUMO) s^-tefii 
^I'apabl^ of tran$m.Jtang on m^m!->ei of <^patwil sl>b<,iv^nnoi^ lo: :?va<.*^ Ui'qui?nc\ 
subciiarmei, the js^odwlaiimi syxiibofe for m<h k^ipmcy subclwrnel i:i>ay be 
pre-ccmditioned prior to transmission, as described below. 

Hie nn'w^tion pmides methods and system elemeiits that implement 

20 varu>u«> aftp<>ct<5, nrd^odiism-^fe, md f^^t^xm of tbe invention, de^cruvc; m 
fedier dsstsi belom 

BRIEF DFSCKimON OT TTIE DRAWINGS 

FIG. i 5S a diagram ot a multipi^e-u^ptjt uuiUiple-oalpiiH SN-IIMO) 
30 <:omm,unk^tiox\ system capable of impiemei'iting variotis aspects and 
embodiments oif tlie mvetition; 

FIG. 2 is a diagram that grapMcaliy iliustxatesi an OFDM trammfesion 
from one of N^, transmit as^tannas in tlT^e MIMO system; 

HCB. 3A and 3B are diagrast^s of a paraikl. mncstaiated convoltttional 
:3S eaeoderj: 

FIG. 3C is a diagrai« of an embfxiuxient of a pmxcferer and mnitipiexer, 
which inaybe used to provide variable puncturing of coded bits,' 



FICS 4\ -md 4B ar*» Uow diagrams two codin^- pi THtiu,o<~ sC^eme^ 
ioi gentaating rhe ieqtj.ted <.ode*i hits fox a data Uransiix ^,.^ion ^^hld1 titii^so 
particular ha>»e "ode hnt common and ^^nablc pimctanr^; bch<-^s:T>es, 

^ IRj; ^ a diagia«) of 3 <a.^risl <'i>n«teikihon iot icv-QAV^ <ind <^ "^pe* iU< 

f V. N J>l<'"ck liVi-*^ m ^ nhovlru'S't <.:sp hk 

h< I IK^ ^i'^a bi\ Cis djagiam ol axi ^nx^budi at the deooaju^ poj ijOxi a 

DETAILED OlSCEIFTIO^ OF THE SPECIFIC EMBODIMSNSTS 

cmboiiimesits ol: the «went-*oa C'oatmunicaUon systxsm. 1€0 caft b<« designed lu 
'"rrplcmuit Ihe c{>amg schem?'*^ des<.nbea herein System 100 can im*%r J?o 

dt\i.'tVi!\ to i>xti«\be s|>*?Ltra! etHo.t'ncy, isstpr<*ve perJ-oiJmm*;, <4nd taui-uo 
ikxibililv Ijicreased ^p^cttal ef-haeitcy is? 'diaraotejzed by llie abiht) (o 
JraT>>^j^Tst more IbiN p^ swond pef tliftU (bps/M^) when and whsm po^>^ibk to 
uiii"c the aVvVkble ^^<^ti^n\ Kvtcl^v dUi luprmod ,i erloptr < ^ s^i^u 

(. ^ibs i V uw..k «.<, b-^ li < < u -i c- I vul 1 1 

u t \ I ik'^it \,id »\>:?Vvi'^ ^ < 3v'i> >t I „o iTi^^ 

'1 -n't ill s i of} i.r vV5it.nK\ ^ i ^ i-' i»Hr'Hir-> 

Ih V\ tx^-^ »nn<^4sOi5u\ !.-'\^Tvx>n * <,i~^v d I'lt , < 

ilO m. €i>mmimt^l\in mth *i secoi:id system X50 Wltltm jsvst^^m HO, a data 
31"^ M>utv«? 1 12 prox-ides daki (xk.. mior?n?tion bit>-l tn an enc^do^ 114 that en«.odi-,& 
the daU m arc<>uiuv»* \mU? a part-'osUi oxlms^ ^<h<m^, Tki( encoding 



accordasne wuh a parUcukr rnKTle'^vc^ji, ^heme The mix»rlev-i\n\<^ ptov^do** 
hmc \nd kequenc\ djvfivtv t\%t the ^^Ooecl b»t*» ^x^su-at^ iV daC<i to |k> 
ttansm:fed bas^ on an a-vetage SNK fot the ^ubch..uv-lel^> tot thi. d^ti 
tons>TO\&b^Qn, cotnbate: fedmg, and hFther teiriovcss correUUoB beH'v*»erE aded 
bits tiwd U> (orm tjach tnoJulatttsfi jiibol described b^^low fhe iii.tcr!<xn 
hi{i> aie then t> u Oiic-l {i JeletfUl io ptov^Ax. tko J aairr>ei v ^ !.4Xii>d 

bit^ llie \x a^, s »i< )^^el 'n^ci leavings and pancixs oje <it sIj^^x ^ 

t oncd ' 1^ pun i iO t v^, I i ^ bn * \i 

^hI b \ slot Un.^ > ? 'a i ^ ti b , s ll e 

'.■^sv .^d on ifi i< sr^q ( k\ < h i -sue As ^stv i-^o i :^>' u\< > 1 
1*^ below 1^ PK! <»y&lan mav fee opci^Ued ui a MJMO mode in \\ "tit h niul > pie 
^ra^-'smi* ank»twas s^ncl multiple (N^ mcewe antenrtt^s axe u6f»d ioi a dvUa 
tramntivS<5iun, thk MIMO l;h^3^^n«•l niay b«> dwon^sos^d mto Nj mds^pmdent 
ehajmeb, m.th S Nj :smd H_ < N^. Hadi of Ihe K\ y^dii^^ndsnl: chajineli> 
al^> rt?fexred Io a^ ^ "spattal subchsum^l' of the MlVtO diomid^ wfeieh 
20 com ^pondfe a dnnuiisMOsi, Iii WMO mode, mcrea&ed durens^tonabtv is 
ad^j«wd and N^. n'iodujatian isvmlols xsnav bv! tonsmiited <m \ i^patial 
snbrha?>n% of ^*acb fmquwcv jjubcbanwl at each lime t^oi. In ixn OFDM. 

IT) tvrtho d < ' i< ^ 

K ^ ^ - > K . p i.l H» v->j u vx * u I- i ^ ' ^ < 1 t< 

s 1 f.^^ vis t nl lib ^'.UHipi r NOi of urT^unct^n ? v><. u o' i-ii kA 

o 's itx ^ o«cv-p^.«' duxg to Iho A^^udui-5Uon sdn KS ^L< v.<l i-> \l, 
ir^i\MXixti>b>tKm channel The hit groapmi, and *ivmbf)1 mapping ai.f p«?rformed 
i'v iOt aH tr^n^iUiKHiOn Jiamid md tok cacb tiime <i!ot used ioi data UaixHrni-s^^ion 
l>e jx<xi*uat<oi-i s^n^bol^ lor ait t'^.^nNa-ui.s'on chfim«?5s arv then provided to a 



1 Vpondu'jr, ft*-'^ p;uUcular 'V|»ufev?F' dutTs;!,^ b<.>'j\v; sa^pl- ssii nk^c 
my), MIMO pnXKSSot i2(? tray demiiuplex, pn' CoudiUon, and osnibitie the 
fccelved iiioduiation symbols. The MIM^""? procossi ig is described ij\ furtlw 
detail bebw. For esch tra3:ts,i:nlt anteuia^ MBAO pnK^^^t 120 pm^ i<It>?i a 
5 stream of modtsl^Uon symbol vectors, ms v«^ctor £of each iinxe slot. Each 
ruodulaUon <.y?«bol vector mdiides Ihe moduiatioit symbols for all Ixe^^iiaic)' 
stibchamds for a given Hm«> slot Each f^tteamof mod'ula&m vvy^nbul Yocit>rs is 
recenwi <''.nd nxniuLiUid b\ a rcNpccUvc niodtilaif^i {MCM"^J 12^ <snd 
irar^ivlhX'J ^ assoo ste^i antrTiif«a I'M 

r\umivr ot re«<ive .uisean.js 131 ihst recax'e the :5VsriS)h-!5-Tr\i i-igsuil-* ^md 
fUiVt<V^ fur rec<*'M>d '-xg-'\vs lo ^\^^p^'l.'t^^e d>^'nodvL\to"* T ^ \ (H ,54 rtsJi 

)5 pTo\uk\l ro a KBMO ^ tncoss.v i'^- nivs .no t-->d i * u M^^MetueH,r^ uvvsnor 

M . cK^jmol^ Are then provided to a bi! cak-ulatu^r jini :58 lhat 
p<.us ir^. piUi.oss&u'^g coinpkmtJJi^ary io that ferfomied b} i>\xnrri ma;piag 
eko-s&nt llBandp?ovid^«vak^mdicabveufJ:hi* received bits. Bm\ir^:i< {O.^,., 
ly v'ero value ir«djc<itiv«#s) Sim inserted by a de^purKtunsr 159 tor ceded bits 
piiiictured at ^^y^Jtem 110. Tha de-pmictured values are then demt^kaved hj a 
ckumel ddnterleaver 160 'md f«rth«?r dtscoded hy a dw:jder hS2 to ^nieraty 
s.k\\>dt<d bU^, which ate tliea pro'sided to a data sink U>4i 1he chasmel 
cii>^-^;s'ri<\i\'>f»l', dg^-pntsrtxtnng, a-ad decxiding are ratr^plemejMan hi the rfemx^'l 

(ri-^ui one '-i \' luip^wjr" .-^r-N u'-ox- : \ r, X^Nt? .-.^-^^ctn In t^^O 'toj ■ \~<?\.)1 

^0 u..ed •i.n.Mr.U s^^icesKC .'t OfL^M mx^U^ u-jb -vx- Oli>M ^v'^n-r>l 

Nhav « - a- > U J-tu lii Isi Mti.xU U^5^Mu MO IN ^\utaio.lLd ' 
^utv' "^.^oi- oo<.b < n» -I K \K u' \ UiK urtj aasa*\n Fui \ -x^npto 
j^lun-vn m BiKi 2, Ou' trv<> .aIo^ =x <^t|t.Kd !o- lUr ol one TU^-^dukhori -v-rK-" 

■^5 Th« available ii^-'^t^ea^y Ajlxrhannetfv uk^v be used to Iras sa-ut 

v<;w, packed data, <snd ^-o an, in Ote speafsc exa«:i| ie sKnvn In FIG. 2, Ihe 
XKodiilaUfm ?<ymbo(1 time slot 1 cotresponds? to pilot dala. whid\ tmy be 
per^txiioallv lT<-snjsT>iitted to 36S3,st the srecL'iv>'r unites synchroni/e sitfi potf<.>m^ 
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cisamid #>st!aii5tion. Otlicr kcat^^neN loi di^ltib un-k ' pOc^r dtiiti t>mo -mt! 
fre|i'pn<y ma-* also be lraT)<-r}-^^^io« ol the ^vlot n\odulah->t> svi^ilxA 

typscviUy OL*. ars at a parhcukr raf-e, wkch % i^^^tsalK 6elt?s to be f?»>^t enough 

The Ume '^oih not uscxi for pilot tr*>rtsT!U<;sAnn^ (.^n be uvd lo lum^ri't 

5 <:,.\a < i the Uansmiv^son jf sOut^of hhI b»i>adt«^i a to ^bo o*. 'ur-i 
,5 U o (i^5K5 or r>uso i^bc^sUH\«**b > g*?uejaih uiti? dcd lo bo fvj<.ervoJ l>v ail 
^ 'o 's <'ovVv>\^ SO! h< o{ tbo mos->ago^ (mtSie vOtUrol channU x>-^av be 

IS find subdi^nnd $ at 5;u-'V slt'-x " iH. r Hi<:;h t6 ir>i \ ^i^e I 

Ihe iemaxma^ *n.ulal>k> i equeutx ^uUhvnuK ana n \\ bk 

u«cd tor ttaTiis-TTtBSiom ot trat^c data A pj^iciilat mia tismsrtiwk* i s ^!^ < i<r 
ovet mdupio i«uhchannelsj and/ox i^ulbxio time slot?, and aiuiuple da^\ 
tran«5mj5530iis tivkf occiu withm mf parti^olcu' umt^ j>lot A d^i:a tr«jn*33rEi&^»Kni 

li) tmj a1j^> ocaxs mtt tion-cuntxgijous hme jsiols 

Jn tiv e\amp'« \ho\<m m FIQ 2, data I ivmstmsm.on «so«: frcqtmicv 
si^bcl^d mds 5 ihrottgh ^6 iit Ume 4ot 2 mbchMmvis ? ihro\x?h 1^ at urr^e 
-Hit " d^t- * vn^i« von we^ ^ulxbwru 5 Huui^f^b 1*^ a' s o*-. 1 ^ rd 4 
0, O olxb^i \ ^ c >,.j o iv ^ans^ % t.\ o -^-"t so ^<^^1v> 

^ Dit=itiKiou> J ^u^^.iOX'» ca^ rfe.pr<2seia |r«Ji^mii5^^on'v f^J traffic dat*Uo 

or^e or more receiver unns. 
oC 1 > . . i \ ?s n^' , ^ > ht ^ X * > u c 

Ml 5^ V bt- X '«jxwd 01*5 an md^'poodoBr u«t* trat ".5 > v> m i <. ^iu 
\ r V! lot ix^u hi' v\i.d ix 5;'"t.Tmiit a,w me d^tt <-vc > p i ' ' -^1 ^ 
1:>ioadt<iNt vma\ Ualijc daka, .^om*. »>ther daia or ^ «.f>ml {iwbon tbortot 
3'^ Irlo^Hhtv pottoia)ssn^,c, nnd efiiaencv tna\ furtlier lx> ad^ex ed by ailowinj* tot 
m«iepond<f»nvO aniong lJt< moduhtK>i^ NS*>^~\boE'<, a$> dON.»r!bcd below for 
<.\ar?>p.f-, oaU-t n\*x.hiLihon s^T^b<.4 a>a% bo genevO^icd IroEn a moduhhou 



iise of the resofuce at thai parbculas hm&> ixeqiiency^ ai-J «f ace, 

U ^ -sun \e<->.uu v<s>J ad s W t , ^ s.^ 

C.t»n<^ralH% <5^ nionber ot iransBut md xeosvrc (mi^mah ma:ea^, dj\uj'^^ty 

A yXMO comjiaixucadun svstoi sisoh as the oi\o j<hown mi PIG \ 
employs, antenms at both the transsnit and vecen^'e ends oi the cDnmiusucatioij 
bnk. Thcjfet tr.3u^Jlt^tt :^j\d n^^ivt.' ajitmn^*? rmy b** us^^hJ to provjdi-* vanoi53 
loftm oi diw»ly'V iiidudmg "txs^tsmu" dm^sjly and Vefeive' 

diversity. Spatial dix^a-sitv is d^aractm^eJ i>Y the vm of multiple tianeaiui 

% tK aa t'^nw \ una multi|-h' fia^iMil ^' ■feim 7v|t<||' 

av'.sp u\tni' .u.k«m>.5<; and »1*vots.i<\ av'ui„v<' - w 1^ ^ ^u, ^ 
I ditfeu'nt ^^gnal Da^K<« 
•^paba* <ii>,etsn\ ma\ be m-^d ta m^{>K^v^ j^K. * > , 

. ^ bv tr-.Hi!?rarims; or data >vtt iirvuU>plo <-H ^ i nul ^pl*- 

antcTxrjaK Spahal dnersity may be d'mamK«ll\ ^d«?<ted based on the 
<-bajacioj{st}cs5 ol: the commimtmtion \mk to provide required fs?rfnj:ju,5no ^ 
n^r «s>\ampK\ bight-; dj^s^m' oi &piitu\ di\ ex«5ty o^xjy bo provided c> v ^si, ' 



<5ome commimicatioiit Hak characlonshc*^ (o.g , low SX-K), or tor some oliiet 
condmorib or <'OT>J»deratium 

The ddU laay be iramss^Ued irommuUiple afiU-mus diid/uf on 
fjcqtiency subdymiids to obtmn the desired diversiiy. For example, dala mav 
be trinsmjtted on, (1) one ^x^bchartn»?1 ttotn ons* anteTOCi, 0 one 

>v!>i> . iVcur^o-- K s-' \> ^ ! > - ( n 5-- < \ Ue-r-tV^ 2 At 

aa si^ nv^ '■^f^ ^(.J * < t ! *! qiR' s nvus r\ 

\U^v^ > I . < ^ \sK n > a ail o>t U 

ch<sa! be u-!>-j.u J x-^ >! a sti O''" Aoep^ > 1^ <• ■'aot^ mux ^ 'oa>ili, 

! 1« ")i ^ bv\ 0' '.Uih ^patnl ^i3lych-mn*<i*5 ii< 3^f^^^ than or oqual k« thek^s^e'- oi (h<? 
fu-'i&'^'i^ o< tne tsaiismjltmg antcamas and the Bomber <.>t u-c«;.ujr§ witonas 
{LK.,, K, N; and N M^). H H is t^e x H ^^tnx tliat gi^^e:* Ihn dimnci 
n^atpoiw lor tT^n<iout si\i-enii^ and \he Kj rijmv^ antenms at a x«!|X!afiC 

hesKpr^sedas?: 

^ n .nt N; VsXiot repmeiYiiJ^g txuiso plus >uitireiOtu< la Oiie 

«>t^ j\xUny>i5, the **j^a'sv^ctor dtojatfo^Aborj the Hei^^iui'tp i-^t^Usx t'ss.wtd 
bx tho product oi th$, char«iel m^trlv ^^.iili its coi^]u^ie-trar.spose cmx he 

«.x'hot« tke ^5TJi8x>l d^notuj coBjiigate-tr^^ni-po'^e, t ss ibu eigenvector n^atnv 
itiad 1 :«;adi^^n?^lT)-^airlxf>f tagenvalues,bolhoidifnt.uss^oiiM-xN^ 

' x' ru-<n>unttcr col^v<•*lt^ ii<e', pte-cootd^txongi^ a ^t ot Nj «\oduiatinn 
v.i^- J- b the iiigan<^ioi m^iir^x f fh^ nannmitted raodidation 

<^\ a b> b v\r ic N-j tt^u uwi autuiP i9 he e\pti ^sed di5-. 



^o; -i 5.i>er;v^c5, iht^ pi^u'-c\>nditionmg: of fhe moduiabon symbols Ciin be 
.iohii >x eri >n vi matrix mu)ti.pi:f opetatioB expri?ssed a^^.; 
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where by b, ^^-^H b a^^-fochveh? the mo^ubt oHs'^-n-'bo.s r -x p ruv 1 u 
h . -Kf ^^n U { piO c»btm«.«i o\}4,l<.^\«u>ti bo svlisvli vvr 

Thv* ^Ci. I'l^'C^.t <«{gnal may he t'')i.ptes>Kxl as 

i.'k opcx vinon I'v v'cxtoT z, w hxk k can be expre{?st.d a-c 

%v hor<' mo rtohe ie-m hav to^fanartc^ m>st tan be e\pr)t>Vvi Afe 

eiguv £jhso<. Th«^ SNjR of Ihe Kommnfrnt otzss i , the vka,^;oital f^iexx^ont of 
ii . <N thH MLMO 0KX>>^-' <. st<s! ' I U> u n 
ilk A I rhKFORMAUr CO\t\U NICAlIOKb VI \. 



n 

tlK dbK)\ e tfrnbcJ^OTeBt t*^. dm s*eit>rrevl tu an eigenmode if tht^; chsimdss arc 
3 mJepi'iidonl oi oach othot For lb€? MiMO mode, on«? utJxSuicituin sy^thol can 
be IranvmiUed ui\ ^^ach ol the eigenmod^s m eadt f^CMuoacv sulv^ainttl $uiv.o 
H\e SNR m.a\ hi, 4^i\^rmi tox eat'h eigt*nmfxie^ tht nuDitxjx ot bi*^, that anv bt 
iransm ited wi^r «adi ugetnmode tnav bt, ditferent 'V* xitJttid ^hi vt, <^4<^h 
t'34.>*^pmovlo of eich tm^uencv ??i3bcbar(4Etel ib sim let^tred l« as *^ uaii'^isu-.Moii 

}a i>tVi en^bodin^enls rbe brat^x'^l s«bthannelt> tan be created djfJeiaim 

avV LH) axxl i->a U-^K-^^ pu ^ i < > ^ ui ^ K ^ 

■^^k Tiiosuii r^^^rbm -^Mut p u p><. odiid s .. \]\ V Vit bio '-.'bJ-'t.. lack 
I 5( t-''-oc«i*vMiX£; uiifet.>v et<,or! looos a<> ^k'S^cnb^d above rai^.-5RS| 
pt^co^Nia^ doa> not abbn t^<i'«:<oUt?S/ and mav uwohe pjosidj to ''h' 
fr.^qbf^-sutt^r imtt g vid tteani^ bacK oh ibs revme 1^)1 ' ihe bKll 'acb 
20 xao'^iOi^'Mon v^vutt'I ii e , recx'JVu' vt;fsit%' port)^ and cudin* ^^^.vtJj dixv,l\ b^^'^ed 
oi^ therecemfed BMK:. 

A nurobiSE o* formnUtion^ iiius)* Ij^ utilized at %eieo»n?er iinit to provide 
TvC re<.^umv tnfom^ataon tor patb^l-CSl, indttdmg hm,\\ .>ad -^i)?- . m\ > i^^- w 

(. * ^^R^ t i «- tosung ip<% L< I ^ '^i fix i 

R^^i' * . \\ < R,K-.^. I. Ri ^Ue n>o v. 

r < s I ^ 5 ,i S,^, 1 >>S s K fJ v\l U u ? 

\^ lOJ u xc„- ^ ^b! - in J )\t(K:0<o s H cxwkH < lb \r, 
!. ' dk' ii ^-uv,.^ 'o luU ^aH" N M Ki s ^ ; 

I ,.K h{in no^^^on m^xd js{>(x:iaied >tb a 1 \ b >5 '-^-i k.-* 
to botli h<.n^®L-!?tter aiid uvener, bi lihfo t&tK, like modx\(atoi.\ artd codtrg 
33 yaramet^^v^ ot et-oh modts^alioa a^bv?l can be detomimed based on the 8MR of 
tb<* cOiitNpond^sig (rMismi?>son ^^mu <JImvs Tv^r omuent use of rbe 



12: 

I'abk I. imt^ tlie number of mfDrmaliost bits liiat may bu Irafis^mitted u\ 
each modalatioA symbol s partiaibr level of perlorjTiance (e.g , 1% fratne- 
error rate, or % FBR) for votou? SNB r^xn^e^. For each SNl^ rar^gy, Table 3 slst^ 
lisH 8 parlicukr muduiation schme §dected for use with tiiat SNR range, the 
5 number of coded bits fhal may fee Iransi'rtltted for each moditlation symlx>i for 
the sfi'lecl^d niodukfeioxi scheme;, and the coding rate «?ed to oblam the 
required rtun^ber of coded bi^s/ modulation s)m>bo? givan th«3 supported 
nu vibci,' <>1 uitpniu-siion blt§/ moddatiosx symbol. 

..n^u sU5xbruit;!.'r. U.'sw, K\- evanipic, one jsunnujak^:) S>a r m ;cb<-i r<- 
.5chvvi.'<.i (S> A ci>d?Jv,: r,■l^•> of 1 '""l.jnil Qf'^K li^ijJah-shoa, {:) cc^-dnv.i rate 

l»-!-QA\l, uTid <S4--QAM aro t.3-*s.>d icr tb<^> hsu-d VXl? r<-v^-g<.s. iltsu't fuodulabon 
schemes s«d\ as 8~FSK, 32-QAM;, J28-QAM, and so on, may also be employed 
aad^re mtbiTS the m?pe of feim^^^ 
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wjrel^s'^ cor»immi caiion system, a ^ at lit < nia\ be ,nitiallv c-ncoded n 
' |><3!bctte t Rr cvd^e and fhi CKC at* v^p^-^eibltd to i^c d-xii pidt« 
KJadKntl <><od5-^ad bits niaj .jiso bi. ap|>?,nvl^d k> tae vLtt p ;.ket b k> u 

^^-^Hf^d v-btc^ packet whi<:)^ iS Ihe- encoded wiU.i a co aoluloa^i ki In 3o 
k'ode Ai*. mod bs'rcm "tn*trnwtio^ biW xetm to i t«« pro\id^ to t'-^t? 
com i,ktit>iial or Ititbo emodiii k uiutl «g J-raa^xutted data t> t^ mts ij^v>d 
So pi >^ > ^5 ro c ilioti or o>r ectson capabi^^t) for fb«; narvn- Hca ^ 



p !< t J * it i i V ki. i.^ ^ lb 1^ \ \ 

«. -sk < i« <. »*. v>i * al U parn\ bt <i I k 5n > n<~'j> 

I \G ib a d agfAui m an util odimmt ol a lujteo one <>d-.T ■vx i dx 
one t xnleiwnl^rion '-^l Sntbo v-nccda 114\ md m^v aho be 'if^ed vvtlhm 
uKuue. 'Iv in Hi ^ i"^ u^-^ <r\'^ipk Turbo :?j<t.od<ir .:.4>' a I'^t^ i ^ 



rhr ejrfx>din«Ji-it shown FIG. 3B, each t^on^Utwut s.'tiiwtlos' 322 
Tufbo encoder MM impkmeMs iim follo^vtng transtes tuactiort £oi- the 



14- -i- /;r 

f ^ i.h '■'Muet vt\ r v n>5n->-^ > rso^ coxJpU d vlcL^V 

332c, tind prondes Ihe panty bit 3; Add«r \14c ptd^yttm dddxUon ot 

tb^ bib tront ddav **hTnt^\ts. 332b 332cs 

jv. -jo-ved ro ihe down pisition and threerv.»ro ('in Mts < itf pu v dvX^ tbe 
a) coxstjluoit encodei 323a Constt^est enctdet 3^2a ihm aicodto the thj^se 
-'fe"^" Hb* id pmvides ihfje*? isil ^jy&is^n afec hit& ihti^e- tail pantv biN 

\ I hmU x^ ^ > tho ^ uoe ro \ .n'Xtt h i>i^- m > - b ''^^ - 

h - * d „V l\ bu- ^xX^^jMOBt ' K.H i ^".'b p < a < <■ ^ >AJ 

i^ rujo I - ^ \ itx ous N pa x\ '-^3 ,8"<-)UxU^ ilif- .'^--^i; ^ - s 1- 

N M ! V I 5* S'i^ t O SI V. \ -^^^ * * \ " ' .V X ^ iX ^ K< 

< xS ^)i,n miff'' '^0^ \ v>-ihi\ 

i^v^K J ,^ I \ o5X"^ >p^xx*K iuto ivau ^ ^ ' ^. N j i h \ 

. x-^ % II ttai, H 4«^t,in^->a ' '0->l ~ k 1, < xxt, n 

1^5 th*" ^tra i-^s* iftu 4L.r ^ Huu K i 2^ The rouv. if ^ ^uu l ^ i vXi%? - 

ti> Kt--!<?i,^Nal ut'v ^^^T f*x wpfe 50W 5 «^'0iUi~>1"'> \ X • I ^ 



wo mimm 



vn^nii i'aoh row fire ih^n pcmuirat^ tv^^rtartg?^) Accotdlti* to a iow- 

';pecili»: hut^ai corg^ojtbsi ?i€qum*:e (LCS) The I C S let jow k be del^neJ 

as xMi) ^ ^ mod 2', wherei 0, 1, x (C) aad ^ -pivfli*. 

v^lue select^^d lor each xuw a^Td >:«> turther dependent on the value n toi 

3 I 'tirmutsiion m e^'h nm, the i* bit the row is plared tr^ i^rv^ hot\ 1 he bife 
)n «.<xie miakv^vi "^14 oi^* then tf*v*d \r>U b\ Ldk-'xnn 

u e -^1 >t e ! CvX~F nh ^ h\5vmg schen^e j^s -^u ir H ; - u a ao' in 

1 5 - ^ ^ ' ^ 5 u ^-■sr*. iu-)^\o0^pit<v '-t t ^ i ^^ (sk> er; S^rr 

13 xiHCstu^n i'or example a tandi:^ intede^vtjf mt a ^\mu''t»n3(a5-2«t\x<'>s"n ,S- 
wi^>d>-^m) )»^tei leaver mav ai<?o he «j*ed instead li^e Uneai ci«>gruf<uiu\i 
g^equiatcx" mti^rloavor d£»<mbed ab«\ e 

l^oi d>Hit5', the dala codmg is spiJCiiicaHy dcSOTbi-d b^^ed oh a Tujho 
sOi.^'^ Other codir^ scbem^^ max also be ns^d and are withm the s.co|v ^'i tht 

20 .-\rso "i For e\^mpk*, the dat^ ma) l>e roded v^nth a convokilional Cv'dc a 
b'ock cf'sli, a Lopcate^iared code comprised of a ctmibinanoa iir .-^Ixk 
conx ^\honal aod'ot Tx>rho codes, o? soitste other- code ih. ddU m<t\ he 
*-OiVd a«.<.\*'(.-'MK.' X \ \ d eOik\ and th*? wded bits ouy therearf-t^'^ he 

T>5o f! K \5-^d on ihe capabilities; cd ih^^ itaiiMnj<ision 

s^,. ^ u V ^ ^ ^ p-^ t the data> 

V kMet>-i. I p ' v.sHxS:^ («*g>, tading). Moro^xe? ' v<< u>d^d bite ^am 
^vb-^i'q's V ^ \ jv> < '--d lo^ythcr tv> farm -non-bs"<u^ ^ >fi thai C'.rc then 
.■s-'-^pod oinodijlauon-\niboKtho ntt'rU\nuv^ ti'iihe» on-u . sM- l-c 
bi ^ f-crm erx^> aH3fU'Ui'''U"i ^yiiboi are not kvai*^. J< v» i t \h 
(t^ uxporalli 5 h>r .^^ati*. .idditivo whjte Gaussian ni«se lAWGN) dtarmd-^. the 

-^'^ r'tasHv! inioilvj»*v>ng Vj??; ^-~^i■^ca1 trhen a Tut bo encfxles i<; iho t^mflr^ved, 

v<. «xs., intoileawiig schemes U4a\ lh u-^w for tUu . < \ x ^ b^-h - 
hi ore Mi^^ika\ i^v- 1<* Ka-»e tlu- *.«xifd f , tho mro-nHifen *ai> and oas iK 



hibi} kitv^ch jacket dfe^r^tien ^sn^aih S U' so^^^o' men\n\ Iho bits* ' lead 
iow nm iKn K ^->enr due, a ^rr mgcdj ^^btd ( i) a ^ t-^evom^s rnk 
(J> a Im&^c t.or^;n?cf*|-u^ ^e^ii ^>Tv<.f ^-^u^-h di> tha ue^^nbed ohwc to tht^> code 
jut<TU*av<>{)^ (3? a :rxjndumH gexi^'^alod paittm- {4) or a pet>ii danon pattern 
getsc-mtod ui "^ome otb.eE' ftiamier Tbe ro\vi? are aljjO pemu^aled in accotdan<x 
wth a p4.rtailar row permxitat^on pa^em TKt> wiTButAted t odsed b r> i» Lt*^ 
i^i'tncvt'd from each columii and ptox"xd«*d lo pan<.turof U7 

ft I V. > vH-*5 Jhc cba ircl ux'^eilea^^ ins; p<rrt u\m Kl^^cu-i'h 
tor V. J( (^-s ^ > >(5 ? kt^t fo' «.>iv.{. pa<.k\.H K>n uu.'^f bu^ it L>{ 

C \U p 0 i ' s J t l^c ' >. I ^nl 1 ^ ' Hid nv il P h N ~ 

i.af o !. shiv i \ »\ v,rnpkA Hie saa-ie c>i d J kit it juh^^ n^-Lrl^ni 

mas vsaual mi streams... 

Use i e(k" ^ e \ a 1 \ H< ^ ^ to n uk ihe dwrs^o 

Unr>p,-iKi1 t^u-* fss^t^at <.h\ e --r^ h r < ^ hJ, i k J<d bU\ .or a parLcukr ht^c 
pmi>d (e go msfc,c 20 msx'Cf or mme other) and/or for a partjcul « mm-jber oi 
r>\w««rss»Ton chaaneb- niay b«? interleaved 

Ab -xoted above, foi art OFDM comTTwr^katum s.y«tem. the f^umber of 
n^k m?<^iioiv bi^^ that m&y be trai>snni:t«d for c-ath modulsUort sy^ribol 
<,\t>utdeH i'^rs the S*^\ of the tr^n«Tiixs^ion cha.rtrei u-^ed K> ^-irnnrii- Me 
jxx ? 1 Ml n svthX^I -Xud {-or i)FDM stv«5t*'jn t^)>t-if J^J rx* T^r\^<'' ^t>odx? 
•J-' 5 J >^ ! o*' n^ir \iTt^*KMi Int-' klwt la ir<x^^-mi^ed fyr *aoh nh dahxiOi 
!H k\\ j\ ori on ihc oi ^h<: tTeOvd->ne\ subchai^nel and spatial 

< d *aur<. ^ !. > * ino!<^ < ci->t-**,d b ^ 

-■i ^li i < i K i ■> \ i 1 c-i n< ' I ' J, J M ..i > 

varuibk piiactun^^g lb d«i,p.€;ftde«t on dtc bNR ot the tr.^ 'i-- ^ . > 1 i , i 

Hu 4 4 ife a ihnv diagram of dn ertibodim^M lo; ^ - i j ^ i 
^ a< o ih s '"(-Ji a d;»li5 tf^a«itti3S?UiJ\ whidi emplovs th* ba-^^? v,odsu .md conv^i^oi* 
^' ca I e - • the ^^NTR tor erch (raT^«JX>ii'?3toiv hmnd <i , 

I un^oa' (if e<i<.A trvxi Nubchamii,^^ 5<- deieinnwd, al cikp 412 ar 



m 

OFDVt s)'5?tem not operated m the MIMO KHtde, onH v^k c ^ vn>itiode 
vappt<rt<^d &m ihti^ only r>ne SNR de^t^tBiimsi toi t'v^ch £r4.quena' 

OR lite transmitted pjJot j elexence ot via soitie other mr^chainMSt 
1 At stpp 414, ihi nximhet of mfcjiMtitm bits per mcd^Iauor SMj^hol 

f^bi> i\\ oci<-<*- r S\R oach s|>?c*Uc uuni .s" 1 1 (stAix^ror 

v.(s. ^ -^a ^ i \ t 0 i> 1 vjjcf to JKj I Yo m <fi j> \ >ns n m Table \ 

him. h I < ah ^ 1 ->U , 

n\ 01 idniotb {0.^., codmg <ompL\iiv>, as d^i>cnbed In *urtlijei 

dBMil below. 

} ^ At 'i" -5 1 K rt>t' httai ri«mbei of F>iormatif<i"^n bils *^lvt i^v^ be tta^-ii^.'j-^jnod 

>ii **ach tun*, dot tor ali trarsssmss^son ohaiti*e!<? m dei^xnuiu'd Fhss . vt- bo 
a«.bi*'v^«d by Msmmmg the mimb«5 oi ^nfotmauon bits/modubiion syK^^^l 
det€5mtuted tot al! trastMtu$*ion d>>*nn<% Smulariy, ihc totol nur^jber ol s.uded 
kb tbat may fee tiimsumted m each tiine $Joi tor tian^timMOi^ ci^A^uu'fe 

iO df'fe'ftnmed/ at shjp 4Z0 This cm he achit,vs.d fey djjtermsimig the aturix i 
coded bilte/*3iudul<3tiort s*yml>ol %r each moduUuon fiUtmie ^-elected m s-tep 
lib <*nd «sut?in\«ig the mBxte- 1?! a>dcd bit^ toi dE ir uiismissu>i\ cMr«tcK 

\ ■> N?? \^ total TU»T«bet of mformftbcm bjti: df^te ^nauci ^ - 
^ oaco i > M*b^ ^'Ui i,tik^r 0 \od«-r h a Tusbo oucoJex o ^ < * ^I'-sr- 

5a>*^> >t ><'<c>| ^ts hit ~>n oJ n^ifp.js K'' j Xs*. ^<b1,^ k 

llK^n M Ui M . O U )! S , t 1 \T ' h ' <X« 5 ^ 

isymho'-- 1 >t I ' >- i! V ^ vl-^ It l2o 

, ux M a ^ p ^< u^tdx^ton « <. Ti^ei-pt^nd'ng to ti^<? ;u<xkJ Uion ^ x^' x^ < L\ 

'a<'. iTvUu^irus lun It tho dwitih.iton th.' ^x^* j ^x 

iTif>s>>iwou J^anneK tn widespread, the distana? betwsem the coi-usteUaUon 

Fk» a tknv 0 o<;raiU ci^'>00ihn"'s?pt io aaT>j^^ tho >oqiu s^'d 

>od^d h^i tot a iUin tians>*i->ifc.Mor', uUxb emptors- rlu' Mtn<t b^Ne ,ode tnj 
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V rfrsabk pm^i-iurmg s Ij4ir5aiiy the SNll i< r each tran^.rm^v.^O'ri t ha^^oc 

In&titncipnt SNJl aro omitted iram hse tot data tias^'-mis^^w ft e , no c?aUi ss 
^'ra^i^sT-iitted m j-oor t!ra«i>iT«<Ksiort chdJinHi^ji The number ot iiitonindton 
^ pel modu^Mon symbol ^supported by ^v^eh it'\n««3Vs<5ios> channel th<?n 

bji^ 5-><'\ ui< Uv> t Y^,^bo st>n bo ^d HKlo^-iMi ^ ^34 a -^^'^ 

i. ina i K ) Nt i I V ^ >S nu t \ ^ u I t. "'ii 

n i, u J on •«.\''vix>l ind no <n) L'^ .'^ ^an, .t-i-^i 

Each segmoii mdude^ K trar^snitiiskm wbese K can be anv 

integer *>Be ^eat*'^. Tbe toUl tiuiribtr of 'itlorma'ion biis and totai mimbci 
code<.l bits dvjl caxi be trafiSi3ftitte>d m e«*cb segm^'nl dre fe^n 0?'$<:'inir ui^ t 
10 sstpp 440 ior evanipie^ n'gment i maj mcSudc k IrAnsmiSNJOn vhrfa?H\^ oav i oi 
wbicb may support transmi^'^O'i oi N, intormaUon bUb/modiilatiuu 5iymi30i 
ar>d P, tol and parstv bitsA^nudiiktJOn jsymlxji For mch tm^e i>tt>t the iottil 
\^ntav! t o"^ on bu-^ (Kt may hv tfrfnsn-'jiUd '^-^ ^e>i->ii ■.c \ s 
■> ■< ■> i ! ^ - h, ',tal numtv i>{ ra 1 !?v-).d > u p' ^ '-^^35^% 

> htrsi-'^ L(; *. u a .1-^ K I, i^d the \> n> ot< e <v>^ ? Is ^ 

heu ■! > \ i 

tf;^nsx-! whjd^ m4\ be co'B|,Hited as , at^ uKod<. 1 i * xnticulai 

^.ncoder le.g , laV l/"^ Tnrbo encode- stuK at i le on* t>btn\n »n -fG '^3^ \\ 

^0 vttep 444 N infv>nnat on b«i> v.n\d K, T p'lntx mo. tad i'>iis au' o>-i(j,reJ o h 

i -^.s^iis*.? ^1 'i oi^ H v^mcn* 1 wbp ' <^ the ^oai u ' h^ kj 

Ih \ >\ -> a <. r<.!' hife ni> tbai ptiuuavd to vbh i 1 ' ■* p ^ o ' 

44^ \ N 1 Mtiou H^'^ and tho ^ p.HK\ an..' ^i? \ ^ k 1 U r^-- j*> 
^ lOH Ik -^e^Wiu I ate ii-i,u'p* d tt> . Ttt. i*vU -\ti lui t .v. UtU;^ t > ^ 



perrons^aiit.e over iha hrst §chen\e, e&peaailv H th*i diSJirjbiUion ot BKR for t^^*? 
ti ansmissjcm ch^imd** is> widespread *^mc*? d>l:h?rf nt Buxiist ihon ^che snd 
coding fate xnsy be u^'d tat diikex¥nt brm<immic^<^hamiel$, ihv number of bits 
5 tx&nbxfii d(>d on each irartsxnijssion diamej s typjcajiy coxnimsrucated iiom the 
receiver to the itdnBxmttex un the ei^*' tmk 

Table i -,ho\'>^ *he quauhi*uu>n tbe numb&t uVutuvLon 
bls/nu>di5Vti<. n ^\ «x^l r^ang Ki bit sk'p ^s^'O iho quant? i'h''> 'a-^>v 

Ms. lfK,K ' u> obo <v ,t i >nk j;o ^ ^'u > '\ .1 - •> 

'h Cjiit 'iu;:.\;-^r> ibo\ N ^..'^ ' ok ^ <-'jP^n| * , ! H>^r Kf 

e\ iT uN,^ 1 <_ ae b t xi.euN to V j<hi»ki<'J O'.^ otu'' v^^n i.nt, on > i n<\v Iv 
I'i u . '0 in ih^ mx% j^egHierit, if appropnats? The quanttranop ^:umx^\-*' u 
? \n xd^o hi- ieduc^d -si the qu«itiU*atioi\ is o1low«d to bo cansod j^nUipk 
iame slots. 

To siippurt an DPDM bytt^m ^e*jpei^jall> otJ? t'spestatiect m VWhiO 

0 \ .--iK- pu5Ktv>iit>g ^meme may bt used tn cmijmicUmi with <^ tob-ui or brxi<e 
ejicoder (eg^ a rv^te l/B Uirbo ysnaJdtssr) to acltjwe the necessary codmg latt?^- 
Hps* %xtbk ptmrtong <«!hume tmf be u<.t'd to p^mde the txvK^sssitv tiuxixbat 
atiJ pAri- each i>egmenl> Per a high covii-:^ '■ai-o v"* k m -^o^e 

iKuxai^vx, ov«b o' v.<\^ raado v n'm^ d k o. 

<. f \i ? ^\T\ t opot ^ 5 ^'ru^i>i ? „ ; hn nou > i i ' * i]< 

' ^ ^ o , ) b sv< Oik'o. oits, ind ^iC <^ 5C5ed >^ t ^ a < .\ ^ o< « ^IsS ^ 
v5<b< V lUv uitea-sabon b ts. ma-^ ^itioxioC > u ^ I ' i t ''<^ 
^^^.raotc ^ ' ' la^' v^ac p->.Uv bU^> i^\d ''^5 «iS>rit>ahon I d\ uo^e Cr: ^ I i d 
pasit) hiti> bepiiitctured to provide the 35 tail md p^ity foiis lei^tHxed for 
5 Oio >^e<yp>eT)i which lo !.omhK\^Ucni wUls the 55 mlWTmatt<mbit^^ comprint f-he80 

b.KV Ki i >.mi\t-1txrej 117 tix^em^^ the m^trlenvid 

iiuoi'-Mi-itu^n a^d Ut*^ Irijm rhaoBel wlejUwer llo puuctmes (ie„ 
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ddeico) snm-t. oi the i^d and p&tdy bits to aduovc tke »^e*?:t<i*d cocang tate^N), 
and Bitiltipkxeb unpimrteed mioimat-'oix tai^^ ana p^n"-". v?its> i*^lo i 
seqtt»'nc<. ut codi^d bm The mtoimaiKm btfe (whtcn a?*;" a'-^o tettruvi to 
■^SNtam^tio feslfi'i m&y also ht. ftintttirtnl with the t^u .i.ia pa^if^ hiH atul 
» thi^ uitbiTi Ihe scope or the invor*tcn 

HG 3C Its. s dagiam <>i u-s; «??nKHli iivnf at a pnuv iu? \ \7\r ^vl^ch tiw 

.^(plvn-?H u < H-f"cai* n IJ iiiiG ' I .Ptf, a sei cjitniot^ pancttiet 
p <. J ^ i\ \n< KtAiX * iri! ..lid patm bitH out «H Qj t^jtl erd 

,^ -> -^r' '^^M K M "5 1 n ^( uhi i [hi t-si md ) S Mo 

A mfet t.oimtf'J 35? perft rm^ t^iodtslvQ addition and n ri^p^ at ouiu^ fh 
u^j i^as he»^ !\>oad Q \ A second cuunloi 3*^4 rouiits^ {bv o 5 \ tlv Q 
H'^ .re i-a^ b>«::- Foi vach >«gmeni boll\aHmt«iri»3»2a«<s 354 dJi, luia I'v sc 
/eio, 5»witdi ^IZ IS tn the po<tiiit>, atid tne f5r$i t«sil or patit% bit w,,^,^ t*. 
Drovjd<*d torn mOhpicxer ^ b\ do&ixtg a s-%vitdi 344 arid aprtopnatch' 

K ^.uModl^ i'ajK *oun\'i ^^^-^ x.- aci nonk'd oa*. 3 hi. ulu >i<>iutc 
5 S > ^■^o^K^.d d<L<.3 n ri't ttonnU ^ <r->pi->}'' t,*^'^ ts » lo Q 
vViTi e th< i-vn*- n>. v>t <.o . U-fet <v ^ i p v tu a ? r W 

prv ! s K { > ^ it ^1 } s* !.< d ( x> 1 It (.b tu V f !? ^ \ 5S 

S.V o"* ^ ^ u 1 ' iM*^ V ? ' ii d ">i^i s V a i N p'-i, ^ K> m<? U^ 
n ' p5<Kt.s os.iRO- vd all i."* ^..u <5J u i>'ix t\ x> i\ hi. < <n \ h i 

v^her piBu^nutv^ pa*iei "ibs nvv ,Ui>o bo aid ifo v j'^^ * U ..o^Ti id 
Khi stn oMson to piro\ 'de ^ood 5>erk>rmarcO' the ntini^:>er ol iau ^xxl partt>' b3t<^ 
to bf> pti^i.^'uted sbindd be bataiiccd behv««;i^ £hi l^-s^* von^fituers. <:odc<> Ue < 
<»pi ro^sn if*: K s ui* . > u bf r m ^ .■'jul t^tJ. and rs^'t^' -jrv «>"1e<.k di x^no 
dto urrn'i^.;;\>i'ed otN <5hO' dd be dii^li vMit^d n<kiireK cvsfnh o\ef t'tu cede 
Mock im eat'b ges;me.nt 



c.*pac5!rv of lite iiaii«ii'B'sSK«'> i-hasinel*; ki -\ kXx ^a'^ta^■icc^ ^ixo ».w«i»libli? ond 
*tn{ii1<d bit po^iions ma\ be Med v^iih ze>( p^Jding bvfpOv^Urg 5omi oi: ihe 
c<">cii-«d bHs^ c r bv ss< mv olhkf sachem** Fhe ^s*at>smit poner bv\ s'l-o aduccd 
kit same schemm, 

U V litK ' n\L are d^Jmed uMuy < uiv *ft<it.puig. * *^ xi^a^pm^ 
n V - s r V i 3 <~'-)\h hit errois for rmxe lik^h' ^vrm ^^ant^. as dejjCfifc>^d m 
u> Hi ^ ^ 

values fo: aJjacjmC pfomtij {in the horj ^Mtsl v<»ibtial ti'iocino"?) dili t i-^v tjft'y 
o<tc bit portion. Hi*? valiK'^ h>s pomm n«Uur way dT*U b-^ niore bi\ po*5Sti(tn<« 
%e % aaf<jf» tax adiaccj%t pomi^ m tlie djagcm^l direcUOii dife by two "bit 

iach group of fom * oded kt«; {\ h b) is mapped to a ^pecailc pomt m 
si^X'^al <.4>n*>fe?natton «s<^ocated wth the scime valu^ a^ th«at of lite fnnr c«>d*<l 
iiM OvU'ifij^K' a of roiir) Rjr ihe iour^oded '>M^ i<! < svpe*^ *(> a 

o ^ Oi^ o5 tho abo-< *i\an"4 le, dw is^<.ened i-ixli'Jt ' * •< i u f. u< 
,^ tt( ^ a ded bii^ *j r>w oor r^-^p pc^n^ ^> > Mi-- <^ u.^ > 
1"^\*> noi<;c' n>av have c^«%^d thi^teca^itd mt>du!a'io » * ^ ^ ? ^ * ^ a 

an«„*rlKr location ir ihe con'^telbho'^ i\ ^> k> 

d rt,cei% ed T^sodi^l m^s'i k> i tvaig iUtipped to a l^xahOiTi «f^j 
Ihv cf>n<.'< t location <o g <. u«xu die tou ts i -ir ^ '>>0'^ I * Ollli' or "l Ul > 
Tliw-» tl^t, mAte likoly ev<,nt 5*- 'v.^4.c^ived *ix«H'btioa v,\mba1 bf^mg 



adjacent po nte i th^ b gaaJ u ii<itdlaaor e % ^lu<^<i that d^hji b\ '^v >.^rfe> bu 

§ FIG 5 hhxn^& at &peaiic Gm* m* i \ch**me h t th< U>-Q<\KI ^jgrval 

c n'^^*?n,«r'v>n OUh 5 ^i-i n\ipp ^ioheniu irav aK> K ust-d ond >in? jUxui 
e -an 0 o! ho i tun ""hi' ,j^rm ^c1^te1UttuT^i! lt>r olhet ^^odula^^on 
'< i r* - >< , iS( *a~^>\K| and or> vv b<. n\i »f x mO --.pus^^v" 
<Ho < ^ n t < Fur isome ?ix>dt \-i^iU3 schoiot '^tria o^-Q^M 

riG n lij ^ bk «.K d &$f^ %>t art embodlin^itit oi a KU\fO p os. e-stjr 2i\ 
^ s one ip^ok n<eT\Ulim of M%'0 pacessstr v \> t-^ ^i^'C » ih^ 

^j'v. -vov^^hb iTo n Tijt^Uipk tranj>BJt antieBias Whe t opt'i^imt^ Uie MIMO 

0 A^bena &p^o\ervt5>*tosv-dtipiicateddaia 

a d demuitsplexes the modulahoa *!ymtub mto a 'itjtj-th*?? oi Ht^Kh^wd 

^ ^ ' M IS i*^ < V i <oJ n , p< v.* ^ :? vuKi uvi \<IMO pi K-* 

5 > ^ . s uo-^i <L i h f > o«d k> I iUNrn the 

n b Sins ^ ^K<^»d us», n {b e<iir!.on \\ knr >^ ■x%> o to 
^.,vH < Vs v-^ndji-'onid mtxauat>.^r -^x-^v^n^S -v^ i'ch ase v >^ <-nlh' 
X s? -ii e k^ tbe KLMO t x">do. e<uh p"<?'-t,<*3K-" tx) xx^ )>Kxk ^ imu w t iOx 
a pxi»t Oil « ioqatncv subcha \r\t,i <, t a pairhrt.da i.iai{Hrmt a^iienntf tepreset>ti> a 
> IjTXMr <, ^mtJis^^hon (we^gbkxi) wodu^ton .^ymh vp lo N, tnmvsty>jt 
at5iea.u\v E^<h or tie {x p nxxii ihtu-^ -vmhoK . sod to o ifo >.ach 



for f*ach 'vlMt U'p N -« i,Ox diXmnw ino«.ailf*i:t >n .hoK \ 
Ik gero£ait>ti h) c^J^h vMiKK^n^d N'lBclO r>t<.s« -essoi c:> ^ a ui sued io xtsp 
N -jjuibol coxiibuioj^ 61^>a through felf): To? ex-^np-fci ist-*>cuivio1 KLMO 
I rocet>voi 6"^ 4a ^ssigne^l to frt^qiicney subo^atatd I n*^v pio\ u-^e xxp to K, pre- 
tondtfu.m'd •mtdtfatim symbols Ibi trecivCitcs' s^ubchat^ut i »M aDtoict'^ 1 
feough fiii^Jarlv- ^ul cha?^ni-l > SMO procsi»»Qt ol2? ass-igned to txquc-H-v 
MiVHarnel 1 mav piovidxj up ko H ^.vmbol"^ fax treiwencv ^itbcba^w C v. ' 

\aCm.\k->\ N\nOv>* vscto "V of ximi ^.^inn^hts ^ i ^cn dement >U ne 

VrU >r 4lv ^ ait*daktion si-Bil M ordiogonal to o ij* no' 
o^i^'-^t'- AO r a |>.'5e" M1MD mode, &ome of the madulcihon i^sit.K ^^'^ 
~Bav ha%o diipiicale sMorrmtion oi^ ^^fconc tr**que«cy subcharmels iijr dxiicw.ii 

^uJ\5 0H^I i\i^XK> »'ro ^>\-(>r olii ma.v be dex*"??, u' '^e 

p^^iiiiU'^l »MXv'N 3ug IK' ^aMO mode FtsH C^l i h u 

xuv-- ' 1 " \ X* ^x ii I.- * * ^ ' I <^ ! i 5b\ lU (> ■>*• n ^ ( p 

<\ ■! tpl U ^ r XI ^^'i1ag mc^x be a Abk < Un a piite h f ' t ) - t n - 
m <. la lox ome othor d.tU tr^-j-^rii sons TK S jTt.-.>^> -?u)i i *v i^i> 
e?>abV*d nMer i.<.ram coMitions, ior ovaiv-' Ux tonxamimcaUoiOntk 

ivi i i K a c>jejr<-'^nti<>i-'ed b ^ Pitt i'* < ^Uoa S x .d Mt* d<-i •>„ 

^ <! *^f^o 4xmi> m «n:?odnxionl (.<r mo^^nld o) 12Z Tlx x Kj" n 
-Mt>vo^ %caojs \ iu'Uigh \' turn' VKMO p'o^ew>r \\ ^te j.>AnnkJ k 



IFF! 620 com «*ttSi ^ch modulation js-ymM \ nto ife tinv- 

5 dopmrj repr^«^eniation (whicb is ref^'rrett to &h an OfDI^I $vt>.iboB ttv^my; Ht€? 
mv^ise u&{ hounet (famf«.*ri« (IFFrj if Fl t>20 on be ik Nignod to f^ertiirin Hit? 
TFF'T on any mxml a of {Tt<^wency sislxhanrteb (e g<., 8. c^I?, ana so or^) a.n 

IS : m: detail nereitt. 

vpcunveitci 624 converted mto an m ic>g s^ura', modulated lo a RFfre<:|timcy, 
dvC o-^uoihontd {e^> ^\mpMied and filbjred) to generate an Rl? modi^Iafcd 
2V ^j^i-^<>f h i^ Ih^n trm$nnfii\\ from ref»poctjve a^Uirma 124 

OhDM modiilatio^i is dms-abed in furlh^^t dalMl m p-^per mt^Oed 
'Malttcdme-" ModtilaUon fyr Data TraBSJTU^^-f>n ■ An Id^a WHo5>«; Tmie Haj? 

-ivhich ^-'i -i trorv^u! rlvit herein M< reKresKe, 

iO J * < <^ -a >;,o fvl P i MX) pre-condjtjoned nioduktJon mbol^ are 

^^ V) > '> : .J tnrucH-X or Um^u ut X. i ^.^N ^ <■ >. 
n^-aI n^i; X M« viiut, aid so i?n) n^^a^ nfin>-r.ijjuc I' s --^^ ! KdM^s 

33 rii 7 a Kock dsagram M an mbod^rwnl o£ a r\ > m i i > M of 

|»ro\jdiugd»iitijt?nipM>CPt>vnt)HjrdiXiC!.oi>itr«.>n^mjHj>ions I he i ^ . 
d^ta x^lufh 'no'udt^is .^H nsuuon hut- lo W tnii.'ijmu i ^\ i ^ ^ i i s 
ptti^ K-'td 4 dtfniy'ap > Poinidh|Jk s 710 <ietn«ij«p'e\o" the input 



.25: 

data mk' a putT^KT r>r <k> thaanei Uata 5ih«?air^ B, niui h u a duim\L4 
data -^tredai niis'v ajtiospunti to for I'OiapJvi, 4 sipxdl c^g a hio-.-'Ucs*4l 

criannel, ? voios call or a Ix&thc data iiaiMmsMua. FaJidiaanei d;S^> ^hcdmtt> 

tnappmg elfSmetU T\2 \l\&f <*iic<jd***5 the dfifes ti-.ingra Darticute emcodisvg sdiemi. 

-'CviiAua ^u!*<i,h nnds and ^^p^5ti^- s ,bu ana«?K acrobs each neqiu w 

The xnodiiiation -^wibol httiiant ttout ^ch on<jod^r/cbianrj«-^ 
mtele^ver/piii^cturci ^symbol mappmg demerit 712 may be tunMAUied <jn 
otm or swrc te>s^w«acv suVl^nw^ md vm one or mwe spattal swbJiai>j>eib i>i 
each fte^uency "vulx^tnel A BvlIMO processtoi 120> f^!v<«%e$ th*^. tnodiiklxoB 
M xnK>l ivtreAim ti oxn ^lomn^s 7lZ l^pendmg on the mode ti> be tj*,i*d hit b 

1:., r qncns^ \bdi \i<^ I m <.' - i \ O ^ ^ t i\ 

Nv. i.-iaiitl K ^ Xv <. Xi ^ ' X s 

u*?!^ a. p^vc do i 1 ^ i - X us ^> f K> 

Tj ^^^n^^rd t U n-^i U uJid '^.iv-Os a I V. n' >U v.; i * ok 5 

U ist'xs R*-^ ^,tpa^^< mU HkUif^ t\ft<:,i!h n thy loo i > ^ n 

M lull O I amxibed di-ws.. The parUil or hiHCSI h^x tne Laiwuti'-.bion 
ohv-*«PvK to be k>r a da^a H,»nv,'pW>n i« ivfjcpllr dae*-nnn«r>d 3r the 
f-vv. \ oud wojted h-itv o U)e ^ M^vlter it . ^ , y^s; jhe 

1 I 1 Ci'>de kud nH^dulati. d< * 'i ^jvis.> ''s gl\ ti *nt.i.hukn < <ioscribed 



«--\<5km I'^O hot r!u» fMKJdimuii a Tiirbo v,ncoder th xt^ed etioodf' t^o 
piu>r to tisr^smission A Turbo d«*cod**r co^spondmgH u^ad to *1eotxk^ 'ht» 

\o> a<;,**uucd bovc \% vc\-^ In'--- ^' , \ ,^^0. ^x^^ vi i <x 

*;mgk nOB-bmu?^ sy^nbo' n K 's ibuii mapp>ud to a modulatioi^ «yvmlx>l f (S) 

j.i'^o t^ix-td tiA^-^Bittttd, 'et^^'ved, md farther prot^'N'-j'tl 10 pto^ kIo u ti\e\Fd 

^vrulxil can foe computed 

-loa v;4/?iM| /i^,'>)|~iog, LHi«('>>| 

X < " / 1'-'* ^ > ' 0) IS ihe probabiljiy kt ^^ bo^ng a ^<t^ 'x -^^ >. - ai > 
- I s« 'bo^ 4ppto\sira^ons m.^v .viv<:^ be in rc'^-- Uu <.b<. 

' > p\^%lUi.oi 1^9 tiffx tTY^r.t-^ 'Vr<s-.iu-^s> tor Cvsdo b'l^ s.i buy <. 
dtHoi^d u *? puJiUurs^d) at tht? iraitSif«t1:«Jt. The erasure»^ typica% hixve a talut. 
■'<>n~> ( '<^"J xv^ud-x 5s yid'caf'v*:» of tk-^ punctmed bit bemg ^'sriualU hh. Iv to b«? a 

xi ^ e 



broken up by mlfuka\«i|j the i.odk.d Inte pru^r n>Ovblt?UoT\ An ^ho-sM-i i.i 
Fir 1, the thannd intedea.'VT'ig ad'\ anlageou-s.^y pctfot:trb- the decoties^ttor^ 

Ti\e anled bit LLKs aj:e prm> ufed to ^ rhatirsel iteftte-^Ic^^v^^r loO and 
dcmterleaved m a mamtr coiBplciBontarv to the chamid u\uiylca^>ug 
tt^vP^f-vl c"!- i\ «i. transirtjtlFr^ The channel tiemto leaded tLRs. cone^poT^air^ 
JO * o 1 <. vod tnioisution, toJ and pantv bits A.re then pn>vul^?ci tv-* ,.5 Ttiibo 

< i,v..<)d ! ^■'v 'Wat i '.^ sMO.jand d .sxl and 
"^M^ 0 V v5 ^ V.E ru\U <.ne{ v**!!:! dcteciot 818 hi on 

^^o'^ un the t>ii>t htrattosi), and pt'^^xdes- *Ftme4 LLRs i Ue tt.Ur<"d ^xc 
^.}v^HifU^'d vuth <,icaii:er LdKiiiduxcG m the d*?frct^ y^^^i^n c*{ ?\\vnsrx^ 
rdbmiauon bite 

Decoder Blla teanvcs the retmed LLRb 'ian-> ssun^mu 8i0a and Ibt v i 
Oi thi 05^* d ^ul <ind pantv btH trom the iivst conbtJhioni: on^vxi-r, \ L'Fiy ) 
and dm-5d«,i the tet.ei\ed 1 URs to gesveiate extfimic in{x>.naat}Oi L\n 01 
^UJTt^t-'Uoa":. x-sx ih^ probability v<rUu<s ror the rev^xved mftim^^t^un S|t6- The 
exlrm<<jc mioia-iatioii kotn. decode*- 8i2d ais ^^unimed mth, tbo rccfc.^v^d 
unn u.^t u> L I bv ^iJ*nmes SlDb ^^nd the -^ehned 1 1 Ks > h-uxi i.'^d*' 
' in> .e<.o vj ^t-i v»ode jnt^rleavcr BM tmpiei-^m^s a <o s. >< ^ u o<!.\ n^ 
u^e<, u irliiK n^N^^jirn (eg ^ho^^sn^et-^-v. vi-'tn^ex 0 ^ ■> i 5 > 

V^s ^'2ot<Xt.j-^e>^ ihein<,<tjk>^>xtd „ ^ ^^-e?^o hU. Hi Uxk 

, > u> M * ins ! ( > d e ^' " . ^<i^>^oi- 

d v'Heuo s kuH T 'p \rieiU<- di. nU r oi? ''--^j St ->tnv <- ijr,<.-rei-»l 

fa <^vai>^; *>t the re e.^Cu cod«d t^n I lRs> i th^Kc a n h:>x 
tm^ei^ \\'id^ oath iterator, greaies: conftdfc.noe 1^ g^med k>\ the ireimetf LI Ra 
\ib'^ d-»e dtcodmg ite>at>on<» ha\*i hi.m completed, dxc UraJ .dmtd LI to 
fK->xidet^ to d^^icK-^5 whi&i psm^d^^ \dhhi> kr Ihe reci'i'ted 

j5\ttnu«^^^on bus ^>A«ed Oii tV R'^ 



m 

Oi\w\ tsrpeh oi tku3d<:>t tcua aJso W used be*ude ih^ij i?)SO MAI aucda 
-UKh one WxAi liitpk'itteM*; the *?ofl oitlpu^ VileiK d^onth^n ^^V,WA) 
uCjsigft of the decoder v ^pn^l^y iJepmUept on tht* par*-cilai ^vSrbc coduig 
bdix^pw u&ed the Kammitto* 

Twroo df't udift^ is Je^cnbed m ^t.atet detid by bk^cn 5 FK^robon a 
pat-'j-i oiittiled ' f mples:neii5<anon sn-d f^rforiaiance of a TxMxj/Map F^'axiei. 
If* etni?:ionai fojtnal M ^^^iell'ts? CotntmuijcatJOiift, Vol 16* '^h 

sdieme Bsch moduUfeon &c^e«tt- ts abjt to transmit & pariactjiar n«m57*iT' uf 
i oJv?il bits pci modijiatior' §yxnbo^ 

^ Vpendi OB the bclaied movtolabon ischy^to a iOiK'=ipnnviuis ^.rdm4 
V "-^ c 1^ sel^'ckd 5>itdi that tne required number of coded bits <> pb->^ idoc* ^01 th< 
number ot informaliort bits iot each modaialion symbol For the ^ho\< 
^xampk , QFSK:, 8-FS\. ^snd 16 QAM ore re&pecbvelv able to tramniit 2 \ and 

-< J' iiJKir bit*?/ -^-iodulanon <5VrstM vot^jp^ i^ifes 4 . 1 << id 3 ^ 

x-^i or < \ (.'jkieT' *,!p->i^ !o s< ii < i'c i v^ieme and 

x^ 01^ ^r^ht ^ n si u sV <. 10 M < 

.1lbv. d ^ Oi i > i v>X s> OdP . i -V ^ 

< noCv ou s< hej K ^ 1 K mbino on ^vv.ikvjs ao 1 ^ s>«*^< > 

' { 00 .-r '-li: b'gho. onl'- mxbihaor Jit. h 1 

,i.'io ihi-^ n avx 1 c e^H^5«e I as h'^lK>uN H ( IT K ^ '■^'\ J* 
Mn^iV Turbo codej. m im ^WCN ihatmei m ^"oa 1, ^ \ I im ilte iMihn 
'% KitK^d^n-K, aigotitbm. lio\ve\a, tor the Cta^ i«a.'p<u iu^ h ( ui t mi>duldtson 
$chomo the optotrl LiJv m$ tno- .u^ *:enmtf»d for ca^h ni.eiVfc.d uxvlitla^on 
s\i«bo1 N-nC nol <i.A«*h ixmved \>n Tha \ n I T R nif'hrs <n?» tKi bsokt^n to 
^jeld bt 1 1 H jivtn*-- k*5 ibi H^n»i\ c^d* docodu binne nIomuUon is lo'^t 



fewer biv< pei t>\mhol w^k^i n\x\ i\p<^im\ce .he bi<i\^Vo\ .v*^^ «M>d 

therefore piovtd^ heiXer pmionmmi* ihM\ ih^ ht^het ofdct niod«loiLoi\ <3olt*»mc 

in accordance iih an aspect oi the mvejition, in crd^^r to a^h^ts c(iitan\ 
'jpednim aiha^ricVr a code wHh ^ coding rite ot h£t>-\vvn oj'ci uitl-usjve 

! i r-x'-^i o 5'^)tn'^a <,>a »hK pv-^'^ aK> I dotjoa N^xnUfuS hi*- v,Ot^5n^ rate iivn 
1 ' \ N m'- i 1 J \s t' <x b\i'c s ' 1e , uv \ " Ki.Ho ((xn-' 

! s. > <.'K>-' h 5 ^Si ppn . 1 5 ^ s<<x>\ Fo 5 i <i ^ , 

V \ nv \ u aad parss) I-jN :;x«,iix be heavjh j.VvUv-!ue<l r^J uc 

n > i K\5 <^ ind pantv* felb may be ev<»niY diStribi^ted mcs ihe 

p.^Vt-l-^ (I s» , loguai flanges) V. lib b\K>d ■^iTm. Pot exouxplf s ^x^r^^m nvs^ 
<i.e ent i-?aii.i»'xs i^avmg bues oi i024, 2k)4$, md 4(5% bxV^ 1 ht^ v ^ed 
J -ir^a pacKi^tb ^Hv.plu^ &onte ok tne proOLNSing at the t*an<:jmaei and 

Fo5 ?n OFDM $v¥«tetn, a phvj>j<s^l iuursc- may be defmf*d t-o mchidt* {!) an 
ruribee OFDM s-yxnboh (2) a paruciilaj r^.s a^i o n x ^ tn-^ 
>>!\( o5 more t»aT^<*m.{Wtm diAni^K ("^j u " 1m u \ '^^ 
1^ d S4 ' K \>x o'' r^. ^ sat i p u ^UK i ^ ' ' k< U ^ ) k 
ibe'^X^^ >t s: v '-a j -\ 05 k s x. < i n k \-> !u 'u ux 
!M > ^ OiJ-^v^ ^ X bi ^ X ^„ ) V > !n--«x * * ^ \iut IP vbn \n a 

M! >. « b n leKxJ' i M . ■> ! ' i xuJ 'I X M 5 ol mfomiation 
h >-\ i K ( ^K^ hi a \ b u •> ( e- ' 

0* ^ ^^e^ I'X't ini-^'^*- U <.a ' r! u>ix \ i ^ h i i - d ]>^-f mi 

K < ' ^ u < <^ o e.x^i-sxled, puixuuod aad Hte a^d^d biN t<x \- l*^_t< x t i*^ 
I, \-n. i|\o auu nvpped ^x ax'>duL^ti^"^n sxiuheK h, h ^jupls? 
miplemenlation, sJk iranbonjssum iiumiel^ sre sequ€i\t^ili\ jimnbered, Itie 
v'-'x ood^^d bite a:.r'. *-hen «M'*d to lo\ m ai? jBx.'ixv atodulaht>n .^^^TTibofe as> needed m the 
fr.»^quai'ml order Ihv* tr«B\a-«<>i>iOft channels A logical frame u t% a data 
pacKct) IX Hr JeHne<.l to <itait aiid end at n^otkiL^iion ^\-mbo! bo\«^da" Wb \n 
t}xis tn'v|,»k-'uxeptan<XK tiu \xgtOf I max <^pan mote that\ oiu ("*I-I>M -^ymhol 
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ana mav fiulher mssss OFDM symbol bayndaijes Moreovex^ each OI-DM 
symbol may include coded hits from Bxw^pk vlata pavieii. 

■ami. E-or *?\aJnf le. a Ingiccsl may be defes'd lo jtidi*d« (1) d nuxi-^bei oi 
5 modiiiatjun StXtnbols on one or more Iransmisfaon rhapnds. (2^ oik or xnoi\ 
OFDM t^vxnboH or (3) a numHot *4 prfHiuLtKm -^v-mK>i«> doiuv o a-^ x»*h>*> 

^ o 0 u t 01 \ K ' b ^ V V 0 i o < * K >s <i § ' ^ 

ad^uNh^ii, \ ,^ uabk (. . l '> Oil <. \' sJk i.v]-vO >fo^'vL u »tx^t 

13 porroi nc^(»ce uuid^? d rk c?nt piuVanng p-\>aav5ct.^ Ali.t>, asj^e^. ^ <-3vt?^'bV 

ihe recem*r However, m wrlam emi^djineMs, other codmg xhemtss may albo 
be w^ed and are vvjthm tbe bCf>pe ot the Ijivenhon 

no ruregomg d^npuoii of iho prelerra! eiJi^odntients t» provided to 
^0 j'u»*.hit' per'^n sksilpti m the a-rl io make ot use prescsit immhon 
Vaxionb modjnaitioTis to these enibodmerUb vvtW foe: readsdy ^ppareBt to thoov^ 
iMlh'd m tm» art, and the i^enenc prmcipies diifined her«m mav hi< ^'*phod to 
^t'l fnuxxhm<int$-^ntho\it thets^t t'MV 5iv.<:«{ \5 t a^U^ Ihu- P\ ».^onf 
a\ ( ^ i\ot MJtend^ <! to l3n-^K!;\* lo the i> \ \ J a ^ 5 i i > b ^ 1- 

""c* t»> Iv <»coHod th*? wxd«?«t 6Cope von»ij>t*?Pt auK uk piuiiipW> \h.1 
ts&tasces disposed feereM> 



Wl-IAT IS CIAIMUB IS? 



CLAIMS 

\Tas-u>tBih<?ian diannei i<<* opmhve lo transmit <\ i^'sspt'Ctive "sc^^uc^no? 
:i-iodulauon »'«-mbol6., ihe method t !mv> is s-jg, 

N ^^-'n^o b\ each tS3itwB,iijMOV> cho a"*e> 

bv> a<>k»t'HKieJ n'urb<_5 vt ^ ^' ■^s I- >. ^ sx"^ j or >^ *1 

ate x^.'snj a iX!.-! < Ih or i (»o xmm i t Ktci^J^iUv." ^ i|x^t^<.xhr 
{'ftwcxlm^; ^ch»'nii? \>vo\'\<c <\ pi'ualst)' of c^dod bttSf 

^'U'vrutaiii; tho phn<^litv of coded bin m accoidana with a p<»rtic«Uf 

adji^&tmg die punctimng t*-> adtjeve the diiierait eodmg rata? foi the at 

^ Te ! r b>>iU^f okm\ wba«*m tbt?'vS':roi*»s->cor>.a'»uPk(M>.x> ^Kn 
a mulr^p^^^-^nput miJiuple-output (>»flMO^ system wiii a piwraliu t^i hdu&i'tu" 

ii in > I <.ct < s. ( i\ \\ I .^■^ 1 \j.>!.>x ii <c->cr^'' tori 

^ . x-> rxHiiixi ot cbna " v hetek^ Ux IH . 'KK< n i xip ^^ih^ ^ --^ ^i.o x-j i - 
>^x u5 OvI t nw^«»ple-'nc>tu aiilupie output cKtiNi^ ^"i >=:v.\tet« -valii a phiiabrj" 

The n^Hhi^d dai<n 4< wht^^fv^ thi^ OFDKl s-'* !.< ^ < ^x ^s-hc to 
h»iri.»w^-^K^r *lxxnnol ox'<-^ponoi i-c ^ bj^Miii -ub^hanno' <i > 1 ^ 



\-> The method of daim i whereu^ the puncturing iis oii 

The metliod of claim b, whet^m the tras^mjs«i$>j> capat>djtit»«i ^ire 
^ determined imin diaBuel &ta^e infem^sboii CSI) dem-ed for ti^e pluraliiy of 

H liii.' nu'^Kxi o: cla\m *-vJ-!eiein tno aHirdc$> Fii:oia.atK->.i a'1 iuni 
2 io mmvatsmm chsradr^mto ^om transmit anteuias to the remye ai^l^rmas. 

itie mctiliod of claim 7, wherem Ihe CSI mciudto v\i,o > o< de 

1 i.u\i>im.ihi>X)i relaiod ivs irmsmission dviracteristiCvS from tran^mH .^nfcra:;ai. to 
tite receive *simnsia«. 

2 5^<.«5p!ng <raa<in^iK^ion dum»eUv having smuW ^^a;•!^r^1^^^K>n t'a|X5lv1stn<s 
tosegmimteyand; 

4 wHvTi^ ih<* punclurirtg pirformfeHl for mch mpnmt 

il Th^ i method \ii d^hn I fitrther compris^mg; 

i.^^ > - T) r < < >i< p > *j coded kts to ^s^soh segmmt^ and 

v'h!.sw\v the panaurisig perfortnai on ths^ groiip of mded bit» 

Ihe nkHi^od v.*t dajm it x<.Hei*^m <.>u4xi -v>i,,,\e-\ a 4.1aoo^ 
^ teini>mt*??i*>ii chamids. having SNM withtn a particular &K8, textile. 

ii Tlv tx5*?fhod oi" d'^im 1, whereiii the encod&tg h ^chminid a Ttirho 

n The »\«*thod of cUxm 14 wherein the riiKodmg pr^nides a plur^ihlj^ 
a m t->d anci pant\ bjts hit iho pbriShty oi infc>nmtiou bds, and ^vhereni the 
pimotmnui is performed on the piarabt)' ot iati and. p,tnty Int-* 
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2 Kh^\ uitpuncmioct fcodi md parity Hte ate appxoximateh se-wfih* <.l5.btrw->atou ovc' 
liic plufuln-^ oi mfomation bate- 

17 Th?' jnt'Uuxi of <^lMm 14 whemn Tvvhc- cotje mchtdo** h^o 

•vvheu m '^s c f.'>ur*.hnn\^^ i.^ forfomnxi such ti!-^at uppv^^^invio oo iv I ntonbet 

4 s^jppt'yted the trsBJsixus&ion ch<mt^«?I 

1- .1 PthoJ datm L wh<?T*»m the codmg r^te foj 

."^ isanfeiPio.^ 10 < xa ifjel I / 1 or higher 

20 rhc me^od or ola^m i, wlwrew (he m<:o4u\^ v<i adtjcvod a 

21 The iftvJihod ol d*am L wherda iho iwoding i¥t a<iia v^d \;ia a biDd 

2 msei tog paddrnv^ hu^ to rtU a% aski>k 1ml uuhikd bd po-^ju'^^^ h< 

Tt-!<^ r'vUv ' i i h >t pi' «' " 

24 ihc juei-hod «.»t \'ai*n J . ^liMo^ ccni^ui^mg. 
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lb The method of dmm 24, vv^trtm iae sfBsaximg achieved via a. 
2 Imbo codi' roujprj^i'd of Uvo co.i^[rH*.»ni {o<.h .v, ^ind wners^u^ the p'urjJt'-v of 
mfomi>3ts%'>n bii?-, a pimaiity iaix arsd paxUv bit?> iiom «i tii&l ctin<shlat<nt s.'odis 
I and 3 plwalsirv ot tail md pojtiy t>iih fern a s«'a>nd consUiatjnt cod*:, are 

i7s 1he method oi cMm h fimh^t Cvfinpcismg: 

fomHBg non-hmary svmlxjh for tlv plumil?}'' of trarwu^iston chamide; 
V h v>m each xioti-binary <5ymboi mdtid^s i gitsup of unptmctood cod*?d bH^, 

mapping eac^ i\oii-bmary mixjj to a te?ip<2€dY« modiaatior f^yni^ol 

""^ ..'rHtrid<\ f i ^" u 1 ! > p ssmg^ 

whef^m die nmvbiitary symk)is dt& iont&i from dt** jitoloaved cod^I 

4 bm 

2*^v The method of claim 1"^, tvhemn di** modislatiDti ^sdtijmc Rsr ^^ad\ 
"! tla:^^'•rL^s^■'n chaimel i5 a^ociated with a T^&.pecUre signal conj;l\ Uau<^n ^f^\ irg 
0 urably pomb, aiid -v^ hcr<c*m e«ch modulation i^^Bibol i^ tfpro5i^n;aUvo x't 
4 a particular poml in sjgnal contvteUatiOiY tot the modulatjtm Ndieme 

3(! \ ^je p-i^^thotl of daun 2% v<?lw?rm th*? pkirality of pi?mti> m i»ach 
"n-^t, '-^^ < ^ 1 ' 1 a > ' Ik v ^U'e^> are <i<?$igned l:o the 

tepu'atino; the detenmning the numte of hiiorm^^Hou h^t.x pes rno(iui.3^5or> 
4 s}fT»boi the ideatifyij^g the. modwiatioB scheme, and deterimting the 
coding .mle< 



-1 i 10 

h X of p > 



K 1 i \mrH< 



33< Ihe lutiiiiod ot dami whm'^n thp niodiik'iOJt f.oh«?tti<> f\>t each 
: transms'^sion chsrmel suppoits. hans:ii3SMon oi Iwv more coded bii-. p<?t 

M> Iht method oi claim 1, ^vliefee^ ^lo lt^\mm'^osx on Iho piar \Mv o* 

!^ ctentm mg a niodt^kticm scheme kiT eadi trattsoco^MOA < b<3iiDC iMld" 

the twtsiber vt mtoratssison bits p<?r modu^sstoi-s -»\-n-i^'ui i*- 

deivrniiaiS)^ a codin^^ rate tor eadi IransmssMon channel Kised at least 
IZ ot\ tho d\ l-crjnmed i>uxnb«r oi kiiorn^tJon b>b per modulatjsoji ^)'mb<>l d.n<i ilw 
sdis-ttiised modiidaiimi ^d^tme iot the traT>hm!!Sbiofi cliamiel v^hesfom at i^rMst 
M twQ ixmsm.'mon chMnm^h isre a&sfKiaied vntb ditfeient coding ratee^; 

i^ncodsng a plurality infs^rrnaliott Hxt** iji aCiWsS^MiCo with a particular 
1^ C ui'-^i"^ (.CKlr lo idi 1 p'nrahtv oi laii and psrily bil$; 

rit^rucav ? , 4 nasi't)- oi mtotTftahon md ta.il and parity hiH m 

l<.l' . li. V. lU ! O ^ t ' ( -I M I ^v--? i ^ t > I I 

k I i pi ! I* u f £ J n^ ! s xlxu \ thi* pimchirs ps^a'p^ ^ 

tom^mg iton ln?uu\ "sxrvlx.K ff^t \ p) i o s - f ^.b^ '\U 

ai5d 

v» A xxiu-K-^VN ofrsrsvarijrahon f^'steiit Dper3h%^» to ttamtmt data »m a 
2 pKir<''' ^ 1 ^ as r^»n ehaiiivK when, m each trammj-x^iion cHan:nd u<5ed 
Xi >?-»p<j\-ine ?-eq^ipr.o.' o( nvxiuLiftoo ^M)\bob the ^vi'l^m 
4 mmpri&m^x: 



bitfe .^uo oaoitx i.' Jie plytaijly of c>)ded bxfe m accordaiuv with a p.jrfecalai: 
s pufii't-unng aiieme to pri>v:de a mimln?^ of uT>pimclur4\J »Jodi>d hi^ lor t^ie 

10 capable of ird^^sTrnthng a panic«2af namber of xnloxmilaon btt*? pe*' mtKluL>tiori 
p.jifv J j>- od r^:: -".Ue h^hcd si l<\v»^ ho .d^ * t ut'->irn if u' 'nt^ pit 

a\ pi^hk.s ,v -"vvv tl^e difiVi^nt codmg rata? for the t^^o 

2 a cbanri<-1 -xteshavyr couplud \o the e^icodm- and coxifigvired to 

interls>a% iJit? plu?*4Uly of coded hits, and 
4 whewn the i;3icoder i<i tcm%iiri^ to pimd^ire ihe mf^^lcawd biK 

3^^. 1 s^vstoji ot darni 3% imiher compii'suig; 
2 «!i symi>oi mapping elexjiysnt cs^upl^d lo the iltanTwl ?ntt^Ht*a\t'r atsJ 

u<nii^unii to Jorm j^oivbifjsiry sYmboL foi tlio pliu'aa*'^ ot ^<^n«;a\v.^,<■^n 
^ v't-mu**!-, md t>'' ftiap each rtTO-btiwy Symbol fo ^ <. uvo 'roda.^'oa 

symbol nborf>m eadi noB-bmary syssibol mdudes a ^oiip oi impux^KXmi.d 
o coded bib 

V. \ sroia ot dmm 38, hother co.mpns.m-^: 

»<. ituxn i t> pa <.05KUrion the mod\TlruU-> ) iVivivf-^ !h-- jjiiu\d h oi 
4 rvr--ruv..vn <.i^atn^f-«^- 1 jrir^^-sm ut .i nRikip« iDinil jnyU uM^^-^^^-^V 
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